A study is presented on the distribution of thorium and radium isotopes in sediments, SUspended matter and water collected along Jucar river (East of Spain), using low-level O~-spectrometry. The first aim of this work is to study the thorium and radium activity in water, sediment and suspended matter and their dependence on pH, temperature, conductivity and sediment sizes along Jucar river. The analysis of activity variation with these parameters will provide information about the dynamics of these radionuclides in rivers. The values obtained for the distribution factors between suspended matter and water (Ka) are also discussed.
Introduction
As explained in a previous paper, l Jucar River is One of the main important rivers in Eastern Spain (=500 km). There are, in principle, no local sources of uranium, thorium and radium affecting the river. 2-4 Thus, it is assumed that the radioactivity levels of these isotopes will depend mainly on the geological substratum and dynamics of the river.
The Cofrentes Nuclear Power Plant which has a BWR reactor is located beside Jucar River. The Nuclear Plant outlet is placed just in Jucar River, but no uranium, thorium or radium release is expected.
Recently,3, 4 correlations between uranium activity and activity ratios and pH were found in Jucar river: In this work we study thorium and radium activities in sediments, suspended matter and water along Jucar river in order to investigate if there is a behavior similar to that we found for uranium. A low level a-spectrometry procedure was developed 5 in our laboratory and used for these measurements. We have found a dependence between radium activities in water and pH, but no so correlated as in uranium case. No dependence has been found for thorium samples.
Due to short half-life of 224Ra this isotope is analyzed only in water samples. Consequently 226Ra/224Ra activity ratio is studied only in water samples. 228Th/232Th and 23~ activity ratios are studied for water, sediments and suspended matter samples. Disequilibrium is found and possible causes are discussed. Different authors have reported a 228Th/232Th and 230Th/232Th activity ratio disequilibrium for other systems (rivers around the world, 6 Guadalquivir river, 7 near Phosphate Fertilizer Processing Industries). 8 However no correlation has been found with pH, temperature or conductivity for these activity ratios.
The distribution factors (Kd) between water and suspended matter for thorium and radium have been calculated, :The main contribution to thorium activity is found to be the geological substratum. Other authors have reported K d dependence from pH, temperature or conductivity in other rivers 9,1~ for cesium. Our aim was to investigate if there was any dependence for thorium and radium distribution factors as we did previously for uranium. 5
Experimental

Sampling
Samples were collected along Jucar River on January 1996. A total of ten sampling points were considered ( Fig. 1 ). 30 liters of water and =2 kg of sediments were collected at each sampling point. In the last point, it was not possible to collect sediment sample because the river is canalized artificially. Three samples have been taken close to the Cofrentes Nuclear Power Plant in order to study a possible influence of the Nuclear Plant on thorium and radium levels. Samples were taken upstream and downstream from the outlet of Cofrentes Nuclear Plant, one at Cabriel river, the main affluent of Jucar river (Cabriel River flows into Jucar River just before the outlet of Cofrentes Nuclear Plant) and finally at its mouth. Conductivity, pH and temperature were measured in situ (Table 1) . Knowledge of these parameters is assumed to be important for understanding the behavior of thorium and radium concentrations, activity ratios and distribution factors. Last point sample (No. 10) was taken just into the mouth of the river in the sea, so river water is mixed with sea water and conductivity increases by a factor of = 103.
Procedure
Suspended matter in water samples was separated by filtration (0.45 lam) and the water was immediately acidified with HNO 3. 20 liters of filtered water were used for thorium and radium analysis. Sediments were sieved in four sizes. The following notation has been used:
F 1 =0.143-0.6 cm (fine gravel), F2=0.063-0.143 cm (coarse sand), F3=<0.063 cm (clay, silt and medium sand) and FT = sediment without sieve. The amount of each type of sediment analysed separately varies between 1 and 5 g. Table 2 shows percentages of each sized sediment.
The extraction method used in this work is that previously developed in our laboratory 4,5 that's why only a brief description is given here. Solid samples are digested with an acid treatment, and finally dissolved in 500 ml of distilled water and treated as a liquid sample. Samples were preconcentrated by co-precipitation with KMnO 4. Thorium/radium separation was done by using TBP (tri-butil-phosphate) and finally purified using ion exchange resins (Bio-Rad AG 1X8 hydrochloric form for thorium samples and Bio-Rad AG 50WX8, 200-400 mesh for radium samples). Afterwards samples were electrodeposited 11-14 on a stainless steel planchet of 2.5 cm diameter. The plated samples are measured by a silicon surface barrier detector. Typical recovery yields of the experimental procedure were =85% for water samples and 75% for sediment and suspended matter samples. The FWHM of the spectra varies between 20-23 keV for a silicon barrier detector of 19keV intrinsic resolution.
Sample counting time was about 15 days for thorium water samples being slightly lower for the other samples. 
